Objective: To examine whether performance measures improve more in accredited hospitals than in non-accredited hospital. Design and setting: A historical follow-up study was performed using process of care data from all public Danish hospitals in order to examine the development over time in performance measures according to participation in accreditation programs. Participants: All patients admitted for acute stroke, heart failure or ulcer at Danish hospitals. Intervention: Hospital accreditation by either The Joint Commission International or The Health Quality Service. Measurements: The primary outcome was a change in opportunity-based composite score and the secondary outcome was a change in all-or-none scores, both measures were based on the individual processes of care. These processes included seven processes related to stroke, six processes to heart failure, four to bleeding ulcer and four to perforated ulcer. Results: A total of 27 273 patients were included. The overall opportunity-based composite score improved for both non-accredited and accredited hospitals (13.7% [95% CI 10.6; 16.8] and 9.9% [95% 5.4; 14.4], respectively), but the improvements were significantly higher for non-accredited hospitals (absolute difference: 3.8% [95% 0.8; 8.3]). No significant differences were found at disease level. The overall all-or-none score increased significantly for non-accredited hospitals, but not for accredited hospitals. The absolute difference between improvements in the all-or-none score at non-accredited and accredited hospitals was not significant (3.2% [95% −3.6:9.9]). Conclusions: Participating in accreditation was not associated with larger improvement in performance measures for acute stroke, heart failure or ulcer.
Hospitals from two counties in Denmark voluntarily cooperated with international accreditation programs in the period of [2002] [2003] [2004] [2005] [2006] [2007] [2008] . These accreditation programs address quality improvement and patient safety. In order to be accredited, hospitals are required to document that management is involved in quality improvement work. Furthermore, selected areas of care must be systematically monitored, and data subsequently analysed and used in order to demonstrate sustainable improvement [3, 9, 10] . Concurrently with the introduction of accreditation at some hospitals in Denmark, all hospitals participated in a quality measurement system where they continuously reported data on quality of the delivered care to national disease-specific clinical registries. These data were used for quality improvement, and information on performance of the individual hospitals was disseminated to the public annually. A systematic review from 2008 found that public reporting of performance data stimulated hospital quality improvement activity [11] . Both accreditation and quality measurements systems aim at improving quality in healthcare. Despite similar goals, it has been found that quality measurement systems do not correlate well with satisfying accreditation [12] . In 2009, the Danish government introduced a mandatory national hospital accreditation program to systematically ensure quality of care. This mandatory program makes it impossible to use a comparative research design, which means that the prior period, from 2004 to 2008, is the only opportunity to investigate the following question: are accredited hospitals more likely to improve their process of care performance than non-accredited hospitals?
Methods

Context
The World Bank classifies Denmark as a high-income country with a population of 5.5 million in 2008 [13] . According to the World Health Statistics 2008 report, Denmark had 38 hospital beds per 10,000 inhabitants [14] . The Danish National Health Service provides free access to health care for all citizens in Denmark.
Accreditation status
Hospitals were divided into two groups based on their accreditation status through the study period. In 2002 In , 2005 and 2011 five hospitals were accredited by the Joint Commission International (JCI), while four hospitals in 2004 were accredited by the Health Quality Service (HQS). Since the four HQS accredited hospitals merged in 2006 and were accredited as one in 2007, they are treated as one hospital in this study. Since several hospital mergers occurred during the study period, the hospital status from 2008 was used. Both JCI and HQS accreditation programs targeted quality improvements within the entire hospitals organization, including improvement of process of care [9, 10] . Accredited hospitals were specifically assessed on their work with data collection and data analysis in order to evaluate their compliance with clinical guidelines [9, 10] . Accreditation thereby establishes a framework for quality work at the hospital, and makes it mandatory to systematically evaluate and use data provided from the clinical registries.
Processes of care
Processes of care data were obtained at patient level from national clinical registries. Reporting to these registries was mandatory for all hospitals according to Danish law. Disease-specific performance measures were developed from 2000 to 2002, and subsequently the monitoring began in 2003. The performance measures were identified by national expert panels taking into account the strength of evidence, the multidisciplinary efforts involved in patient care and the feasibility of collecting the data in routine clinical settings. If relevant, a time limit was defined for the individual performance measures to capture the timeliness of the interventions. Each registry developed standard descriptions on how hospitals should report data and set a deadline for when data should be registered. Data from each registry was used for an annual report, which was used to evaluate disease-specific quality of care within and between hospitals. The completeness of the patient registration in the disease-specific registries was regularly crosschecked with the National Patient Registry in order to ensure at least 90% completeness. The proportion of patients with missing data for the individual process of care performance measures was in general low (i.e. <10%). We excluded patients with missing data from the analyses of the individual performance measures.
Our study focused on 21 process of care performance measures (Table A1 ). These 21 performance measures covered four disease areas, including seven processes related to stroke (Danish Stroke Registry), six processes to heart failure (Danish Heart Failure Registry), four to bleeding ulcer and four to perforated ulcer (Danish Register of Emergency Surgery). Patients 18 years or older were eligible for inclusion if they were hospitalized with acute stroke according to the WHO criteria, if the new onset of heart failure was diagnosed by a cardiologist (using ESC guidelines as definition of heart failure), or if they were hospitalized with either perforated or bleeding ulcer (for more detailed descriptions inclusion criteria, please see elsewhere [15] [16] [17] [18] ). Within each disease area, the number of patients varied between the different processes of care, as not all processes were clinically relevant for all eligible patients.
The study period for stroke and heart failure was from 2004 to 2008, and for perforated and bleeding ulcer from 2006 to 2008.
Performance measures
Changes in score were defined as difference between 2004/2006 and 2008 and two aggregated performance measures were calculated in order to summarize the changes over time. First, an opportunity-based composite score was calculated based on the individual processes of care for each disease area. The opportunity-based composite score reflects the number of times the patients received a process according to guidelines, divided by the number of patients who were eligible for this process. Second, we calculated an all-or-none score, which reflects the proportion of patients who received 100% of the recommended processes of care. The two measures reflect alternative aspects of quality of care and do not necessarily evolve in the same way. For example, imagine a set of five performance measures, where four of them improved through a given time period, but the last process remained unchanged. This will be reflected in an increased opportunity-based composite score but in an unchanged all-or-none score. The aggregated performance measures were calculated for each of the specific diseases and the four diseases combined, here referred to as overall. The change in overall opportunity-based composite score served as the primary outcome and the change in overall all-or-none score served as the secondary outcome.
Statistical analysis
The relationship between hospital characteristics and accreditation status was assessed using χ 2 tests. The proportions of all eligible patients who received the indicated care were calculated and binomial regressions were used to estimate the relative chances of patients receiving the recommended care at non-accredited versus accredited hospitals. We adjusted for cluster effect at a hospital level, because other and unmeasured characteristics at the hospital level potentially could be associated with participation in an accreditation program. In addition, we used linear regression to estimate changes in process performance using the opportunity-based composite score for each disease area. A sub analysis was performed in order to clarify any differences in performance between JCI and HQS accredited hospitals. Two-sided tests were used, and P < 0.05 was considered statistically significant. Data were analysed in Stata 13.1 (StataCorp LP, College Station, TX, USA).
Results
Across the four disease areas a total of 27 274 patients were included.
Patients were treated at altogether 33 hospitals, of which six were accredited and 27 were non-accredited. As shown in Table 1 , accredited hospitals were more likely to be teaching hospitals and did not differ in size compared with non-accredited hospitals.
Delivered processes of care
In 2004/2006 there were no significant differences in opportunitybased composite scores (Table 2) , all-or-none scores ( . No significant differences were found in the opportunity-based composite scores for stroke and bleeding ulcer.
In addition, there were no significant differences in all-or-none scores for any of the four individual disease areas or in the overall all-or-none score in 2008 (Table 3) .
Changes in opportunity-based composite scores and all-or-none score Both groups improved their opportunity-based composite scores throughout the study period (Fig. 1) . Non-accredited hospitals had the largest improvement in the opportunity-based composite scores for stroke and heart failure, whereas accredited hospitals had the largest improvement for perforated ulcer. Both groups had lower opportunity-based composite scores for bleeding ulcer (Table 4) . None of these improvements/deteriorations were however significantly different when the non-accredited group was compared with the accredited group. In the overall opportunity-based composite score, both groups improved significantly (non-accredited 13. There was no significant absolute difference between groups in all-or-none score, but while non-accredited hospitals improved significantly in stroke and heart failure, accredited hospitals only showed significant improvements in stroke (Table 4) .
The overall all-or-none score increased significantly for nonaccredited hospitals (9.4 percentage points [95% CI 5.0; 13.9]) but not for accredited hospitals (6.3 percentage points [95% CI −0.6; 13.2]). Between groups, the absolute difference in improvements was not significant (3.2 percentage points [95% CI −3.6; 9.9]).
Differences within accredited hospitals
The sub analysis revealed no significant differences in the opportunitybased composite scores, nor in the primary outcome. Regarding change in the all-or-none score, the HQS accredited hospital improved the most, with a change over time that were 9.0 percentage points [95% CI 2.1; 16.0] higher than the improvement at the JCI accredited hospitals.
Discussion
Non-accredited hospitals improved their overall opportunity-based composite score more than accredited hospitals. No differences were found in all-or-none scores between accredited and non-accredited hospitals. The same was the case at the disease level. Substantial improvements in process performance measures were observed irrespective of participation in an accreditation program, which may reflect the nationwide focus on quality of care based on systematic documentation, reporting and auditing of performance measures using disease-specific registries. Since there were no requirements, the individual hospitals could decide the extent to which these registries were used. We did not find evidence to indicate that accreditation contributed additionally to the quality improvement of the selected process performance measures.
The size of the improvements in performance measures varied between the examined medical conditions, however there was no improvement in bleeding ulcer from baseline to follow up. One explanation of this variation could be difficulties with achieving improvements in routine clinical settings for some of the measures. Another could be that health care professionals had different perceptions of the relevance of performance measures.
All-or-none scores did in general not improve as much as opportunity-based composites scores. This may be because all-or-none measures emphasize the importance of dealing with the most difficult problems in care [19] while the opportunity-based composite scores respond to improvement of each process of care.
Comparison to other studies
We have found only one study, which used the change over time to compare accredited with non-accredited hospitals in multiple diseases and a wide range of processes of care. This analysis was based on performance data for 2004 and 2008 from US acute care and critical access hospitals. Sixteen processes of care were used related to three disease areas: acute myocardial infarction, heart failure and pneumonia. Hospitals included were either accredited throughout the entire study period or never accredited. The study found that accredited hospitals not only outperformed non-accredited hospitals at baseline in 2004, but that they also achieved a greater improvement of processes of care over the 5 years [20] . In a Danish context, Falstie-Jensen et al. have shown that a lower 30-day mortality was associated with hospitals fully accredited compared with partially accredited hospitals [21] . Other studies relating accreditation and care delivery processes have either examined the impact of accreditation on individual diseases [22, 23] or has been designed as cross-sectional studies with little possibility of exploring potential causal associations [24, 25] . The studies have in general reported accreditation to be a marker for high process performance. This is supported by a review, which concludes that accreditation programs improve processes of care provided by healthcare services [26] . However, not all research has shown improvements and other reviews have revealed a mixed picture with inconsistent findings [6, 7, 27] and high performance variation between accredited hospitals [28] . The inconsistency in results may be a consequence of the differences in study settings around the world and variation between accreditation programs.
Strengths and limitations
Our study was a population-based study using prospectively collected data from all public, non-psychiatric hospitals and therefore included the vast majority of delivered quality of care in relation to stroke, heart failure, perforated and bleeding ulcers in Denmark minimizing the risk of selection bias. Our study evaluated the development of process performance measures over a relatively short time span, and does not show whether improvements due to accreditation are possible in the long term. The large number of included observations on care processes provides results with a high precision, although it should be noted that the multiple comparisons introduced a risk of false-positive results.
Accreditation was measured according to two different accreditation programs. However, the two accreditation programs were sufficiently equal in their aim to improve processes of care, which allowed us to pool them into the same category. Our sub analysis supported this choice, since we only found small differences in outcome, when we compared the different programs. However, we cannot completely exclude the possibility that the lack of any significant differences is a consequence of the relative small number of hospitals included in the individual accreditations programs.
Both accreditations programs addressed improvement in quality of care. A limitation of our work is that we do not have sufficient detail to assess whether individual elements of the accreditation programs were met by the accredited hospitals. However, since all hospitals voluntarily have chosen accreditation and all hospitals have achieved status as accredited, we assume that accreditation standards in general were met. Our study is also limited by lack of detailed information about the improvement work done at the non-accredited hospitals. Accredited and non-accredited hospitals used the same tools for collecting and reporting data to the clinical registries and received the same type and frequency of output from the registries. Systematic quality improvement was facilitated at all hospitals, but the way in which this work was handled locally could have differed and the accreditation process could have focused additional resources and attention to this work. Information on the local organization and handling of the quality improvement work could have contributed to a better understanding of how the hospitals work and why our data indicate that accreditation did not contribute to better process performance measures. The failure to find a difference may be because the additional effect of accreditation is too small to detect when applied in a setting where all hospitals already work systematically with quality improvement. We can therefore not exclude the possibility of an effect of accreditation in other settings where systematic quality improvement work have not already been implemented.
The possibility of confounding was limited by the restrictive criteria for applying the process of care, as the professionals were to assess whether the process of care was suitable for each patient individually.
Since hospital accreditation typically targets the whole hospital, the four disease areas included in this study may provide a limited picture of accreditation impact on hospital performances. Accreditation may possibly have impact on other diseases not included in this study. The four diseases selected, however, represent different types of diseases treated in hospitals, including acute diseases (stroke), chronic diseases (heart failure) and acute surgery (ulcer). Since our main outcome is a composite score that captures process performance within these three types of conditions, it may reflect how accreditation affects processes of care in general, although this cannot be concluded with absolute certainty.
Conclusion
Both accredited and non-accredited hospitals significantly improved their processes of care performance over time. The size of the improvements at disease level did not depend on whether hospitals participated in an accreditation program, however the overall opportunity-based composite score improved more at non-accredited hospitals compared with accredited hospitals. 
